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SPECIFICATION 
Portable Telephone 

5 Technical Field 

The present invention relates to a portable telephone, and more 
particularly to a portable telephone capable of performing wireless 
communication with a wireless external interface device. 

10 Background Art 

Referring to Fig. 7, in recent years, a technique is proposed in which 
wireless external interface devices 33, 34 are respectively disposed in a 
portable telephone 31 and in another digital equipment 34 (a personal 
computer in Fig. 7) to make it possible to send and receive data between the 

15 two devices by wireless communication. Here, it is assumed that the 

portable telephone 31 is of W-CDMA system in which data is transmitted in 
a 1.95 GHz band and received in a 2.14 GHz band, and data is transmitted 
and received between the wireless external interface devices 33, 34 in a 
2.45 GHz band (ISM band). 

20 Fig. 8 is a block diagram illustrating a construction of such a 

portable telephone 31. Referring to Fig. 8, this portable telephone 31 
includes an antenna 41 for telephone, an antenna 42 for wireless external 
interface, matching circuits 43, 44, a high-frequency part 45 for telephone, 
a high-frequency part 46 for wireless external interface, a base band part 

25 47 for telephone, and a base band part 48 for wireless external interface. 
The antenna 41 is used for transmitting and receiving a 
transmittance signal Tx and a receipt signal Rx for telephone, and the 
antenna 42 is used for transmitting and receiving a transmittance/receipt 
signal TRx for wireless external interface. 

30 Referring to Fig. 9, the matching circuit 43 includes a coil 51 and 

capacitors 52, 53. The coil 51 is connected between a base end 41a of the 
antenna 41 and an input/output node 45a of the high-frequency part 45 for 
telephone. The capacitors 52, 53 are connected respectively between the 
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base end 41a and the line of ground voltage GND and between the 
input/output node 45a and the line of ground voltage GND. The matching 
circuit 43 provides a matching between the antenna 41 and the high- 
frequency part 45 to provide a highly efficient input/output of the signals 
5 Rx, Tx. 

Referring to Fig. 10, the matching circuit 44 includes a coil 54 and 
capacitors 55, 56. The coil 54 is connected between a base end 42a of the 
antenna 42 and an input/output node 46a of the high-frequency part 46 for 
wireless external interface. The capacitors 55, 56 are connected 
10 respectively between the base end 42a and the line of ground voltage GND 
and between the input/output node 46a and the line of ground voltage GND. 
The matching circuit 45 provides a matching between the antenna 42 and 
the high-frequency part 46 to provide a highly efficient input/output of the 
signal TRx. 

15 The high-frequency part 45 for telephone modulates a carrier signal 

in accordance with a base band signal generated in the base band part 47 
for telephone so as to generate the transmittance signal Tx. This signal Tx 
is transmitted to a telephone base station via the matching circuit 43 and 
the antenna 41. The high-frequency part 45 for telephone demodulates 

20 the received signal Rx given via the antenna 41 and the matching circuit 43 
to generate a base band signal that is given to the base band part 47 for 
telephone. 

The high-frequency part 46 for wireless external interface modulates 
a carrier signal in accordance with a base band signal generated in the base 

25 band part 48 for wireless external interface so as to generate the 

transmittance signal TRx. This signal TRx is transmitted to another 
wireless external interface device 34 via the matching circuit 44 and the 
antenna 42. The high-frequency part 46 for wireless external interface 
demodulates the received signal TRx given via the antenna 42 and the 

30 matching circuit 44 to generate a base band signal that is given to the base 
band part 48 for wireless external interface. 

The base band part 47 for telephone generates a received data on the 
basis of the base band signal given from the high-frequency part 45 for 



telephone. During the call, voice is generated on the basis of this received 
data, and the voice is communicated to the user of the portable telephone. 
The base band part 47 for telephone generates a base band signal in 
accordance with the transmittance data generated on the basis of the voice 
of the user of the portable telephone, and gives the base band signal to the 
high-frequency part 45 for telephone. The received data and the 
transmittance data are communicated to the base band part 48 for wireless 
external interface in accordance with an instruction of the user of the 
portable telephone 31. 

The base band part 48 for wireless external interface generates a 
received data on the basis of the base band signal given from the high- 
frequency part 46 for wireless external interface. Further, the base band 
part 48 for wireless external interface generates a base band signal on the 
basis of the data from the base band part 47 for telephone, and gives the 
base band signal to the high-frequency part 46 for wireless external 
interface. 

Next, an operation of this portable telephone 31 will be described. 
During the normal call, the signal Rx received by the antenna 41 is given to 
the high-frequency part 45 for telephone via the matching circuit 43, and is 
converted into a base band signal by the high-frequency part 45. This 
base band signal is converted into a received data by the base band part 47 
for telephone, and the received-call data is converted into a voice to be 
communicated to the user. The voice of the user is converted into a 
transmittance call data, and the transmittance call data is converted into a 
base band signal by the base band part 47 for telephone. This base band 
signal is converted into a transmittance signal Tx by the high-frequency 
part 45 for telephone, and the transmittance signal Tx is transmitted to the 
base station via the matching circuit 43 and the antenna 41. 

In the case of transmitting the data (image data, music data, mails, 
and others) received by the portable telephone 31 to a personal computer 32, 
the signal Rx received by the antenna 41 is converted into a signal TRx by 
the matching circuit 43, the high-frequency part 45 for telephone, the base 
band part 47 for telephone, the base band part 48 for wireless external 



interface, and the high-frequency part 46 for wireless external interface, 
and this signal TRx is transmitted to the wireless external interface device 
43 of the personal computer 32 via the matching circuit 44 and the antenna 
42. 

In the case of transmitting the data stored in the personal computer 
32 to the portable telephone 31, the data stored in the personal computer 

32 is converted into a signal TRx by the wireless external interface device 
34, and is transmitted to the wireless external interface 33 of the portable 
telephone 3 1 . The signal TRx received by the antenna 42 is converted into 
a received data by the high-frequency part 46 for wireless external 
interface and the base band part 48 for wireless external interface, and is 
stored into a memory part included in the base band part 48. The received 
data is converted into a transmittance signal Tx by the base band part 47 
for telephone and the high-frequency part 45 for telephone in accordance 
with an instruction of the user of the portable telephone 31, and this signal 
Tx is transmitted to the base station via the matching circuit 43 and the 
antenna 41. 

Now, as a method of mounting such a wireless external interface 
device 33, there are proposed a method of disposing the interface device 33 
and the portable telephone in separate boxes and mechanically connecting 
the two boxes, a method of mounting the wireless external interface device 

33 onto a back surface of a secondary battery of the portable telephone, and 
other methods. 

However, in the future, it is expected that a method of mounting the 
parts shown in Fig. 8 onto one substrate 60 will be adopted, as shown in 
Fig. 1 1 . Referring to Fig. 1 1 , a base band part 47 for telephone is disposed 
in the central part on a rectangular substrate 60 surface, and a high- 
frequency part for telephone + matching circuit 61 is disposed on one side 
thereof, and a base end of an antenna 41 is connected to the high-frequency 
part for telephone + matching circuit 61. Further, a base band part for 
wireless external interface + high-frequency part + matching circuit 62 and 
an antenna 42 are disposed on the other side of the base band part 47 for 
telephone. 



The substrate 60 is a laminate substrate including at least a ground 
metal layer 60a, a dielectric layer, and a wiring layer. Referring to Fig. 12, 
the ground metal layer 60a has the same rectangular shape as the 
substrate 60. An oscillator 65 is connected between one end of one 
diagonal line of the metal layer 60a and the base end of the antenna 41. 
This oscillator 65 is disposed in the high-frequency part 45 for telephone of 
Fig. 8 and is, exactly speaking, connected to the base end of the antenna 41 
via the matching circuit 43 and others. 

In this case, a high-frequency current flows in the metal layer 60a, 
as shown by curves in Fig. 12, whereby the antenna 41 and the antenna 42 
are coupled. Thus, in the case where the two antennae 41 and 42 are 
coupled, the following obstacle occurs. 

Namely, referring to Fig. 13, the transmittance signal TRx of the 
wireless external interface devices 33, 34 contains a noise component of a 
wide band with its center at 2.45 GHz, and this noise component extends to 
the receiving band (2.14 GHz band) of the portable telephone 31. 
Therefore, the receipt of this noise component by the antenna 41 causes 
deterioration of the receiving sensitivity of the portable telephone 31. 

Moreover, when the receipt by the antenna 41 and the transmittance 
by the antenna 42 are carried out at the same time, the signal TRx from the 
antenna 42 will be at a higher level at the antenna 41 than the original 
received signal Rx, since the antennae 41, 42 are in the proximity with each 
other. For this reason, the amplification characteristics of the low noise 
amplifier (LNA) included in the high-frequency part 45 for telephone will 
be saturated, and this causes deterioration of the sensitivity. The above 
applies in the same manner to the wireless external interface device 33 side. 

Disclosure of the Invention 

An object of the present invention is to provide a portable telephone 
having a high sensitivity. 

The object of the present invention is achieved by providing a 
portable telephone capable of performing wireless communication with a 
wireless external interface device, the portable telephone including a 



laminate substrate having at least a rectangular ground metal layer; a first 
antenna disposed at one corner of the laminate substrate; a second antenna 
formed on a surface of the laminate substrate; a first transmitting/receiving 
circuit formed on a surface of the laminate substrate for performing 
transmittance/receipt of signals for telephone via the first antenna; and a 
second transmitting/receiving circuit formed on a surface of the laminate 
substrate for performing transmittance/receipt of a signal for wireless 
external interface via the second antenna, wherein the second antenna is 
disposed, on a diagonal line connecting between the one corner of the 
laminate substrate where the first antenna is disposed and a corner 
opposing thereto, at a position of 1/4 of a wavelength of the transmittance 
signal for telephone from the opposing corner. 

A principal advantage of the present invention lies in that the 
decrease in sensitivity caused by interference between the first and second 
antennae can be restrained to a small value and a portable telephone 
having a high sensitivity can be provided, since the second antenna is 
disposed at a position where the coupling between the first and second 
antennae is the weakest on the surface of the laminate substrate. 

Preferably, the second antenna is disposed in a rectangular region 
whose center is located at a point of 1/4 of the wavelength of the 
transmittance signal for telephone from the opposing comer, whose short 
side has a length of about 1/20 of the wavelength of the transmittance 
signal for telephone, and whose long side has a length of about 1/10 of the 
wavelength of the transmittance signal for telephone, the long side being 
parallel to the diagonal line. In this region, the coupling between the first 
and second antennae is weaker by about 10 decibel as compared with the 
corner of the laminate substrate. 

Preferably, the second antenna is a chip antenna constructed with a 
helical or meandering antenna conductor formed in a dielectric substance. 
In this case, the second antenna can be easily constructed on the laminate 
substrate. 

Preferably, a resonance circuit is further disposed between the first 
antenna and the first transmitting/receiving circuit for attenuating the 



signal for wireless external interface that is received by the first antenna. 
In this case, the signal for wireless external interface that is transmitted 
from the second antenna and received by the first antenna can be 
attenuated, whereby the decrease in sensitivity caused by interference 
between the first and second antennae can be restrained to a further small 
value. 

Preferably, a resonance circuit is further disposed between the 
second antenna and the second transnntting/receiving circuit for 
attenuating the transmittance signal for telephone that is received by the 
second antenna. In this case, the transmittance signal for telephone that 
is transmitted from the first antenna and received by the second antenna 
can be attenuated, whereby the decrease in sensitivity caused by 
interference between the first and second antennae can be restrained to a 
further small value. 

Brief Description of the Drawings 

Fig. 1 is a view illustrating an essential part of a portable telephone 
according to a first embodiment of the present invention; 

Fig. 2 is a view illustrating a wavefront of a high-frequency current 
flowing through a ground metal layer shown in Fig. 1; 

Figgis a view illustrating an electric field intensity in the ground 
metal layer shown in Fig. 2; 

Fig. 4 is a diagram illustrating a result of calculation of an electric 
field intensity distribution in and around the ground metal layer shown in 
Fig. 2; 

Fig. 5 is a circuit block diagram illustrating a construction of a 
matching circuit 10 in a portable telephone according to a second 
embodiment of the present invention; 

Fig. 6 is a circuit block diagram illustrating a construction of a 
matching circuit 20 in the portable telephone described in Fig. 5; 

Fig. 7 is a perspective view for describing a method of using a 
conventional portable telephone; 

Fig. 8 is a block diagram illustrating a construction of the portable 



telephone shown in Fig. 7; 

Fig. 9 is a circuit Mock diagram illustrating a construction of a 
matching "circuit 43 shown in Fig. 8; 

Fig. 10 is a circuit block diagram illustrating a construction of a 
matching circuit 44 shown in Fig. 8; 

Fig. 11 is a view illustrating an internal structure of the portable 
telephone shown in Fig. 7; 

Fig. 12 is a view for describing problems in the portable telephone 
shown in Fig. 7; and 

Fig. 13 is a frequency spectrum diagram for describing the problems 
in the portable telephone shown in Fig. 7. 

Best Modes for Carrying out the Invention 
[First Embodiment! 

Fig. 1 is a view showing an essential part of a portable telephone 
according to the first embodiment of the present invention, and is a view 
that is compared with Fig. 12. 

Referring to Fig. 1, in this portable telephone, an oscillator 65 is 
connected between one end La of one diagonal line L of a rectangular metal 
layer 60a and a base end of an antenna 41, and an antenna 1 for a wireless 
external interface device is disposed in such a manner as to cover a point A 
on the diagonal line L at a position of 7J4 (where X is the wavelength of a 
transmittance signal Tx of the portable telephone) from the other end Lb of 
the diagonal line L. 

The antenna 1 has a rectangular shape with a short side having a 
length of X/20 and a long side having a length of M1Q, and is disposed so 
that its center is located at the point A and its long side is parallel to the 
diagonal line L. Assuming that the transmittance signal Tx is 2 GHz for 
simplification of calculation, X will be about 150 mm, so that X/4 = 37.5 mm, 
Jl/10 = 15 mm, and X/20 = 7.5 mm. The antenna 1 is a chip antenna 
constructed with a helical or meandering antenna conductor formed in a 
dielectric material. Since the construction other than the position of the 
antenna 1 is the same as that of the portable telephone 31 shown in Figs. 7 



to 13, its description will not be repeated. 

Hereafter, the reason why the antenna 1 is disposed in such a region 
S will be described. Fig. 2 is a view illustrating a wavefront of a high- 
frequency current flowing through the metal layer 60a of the substrate 60. 

5 Referring to Fig. 2, the wavefronts of the progressing wave of the high- 
frequency current are illustrated with solid lines, and the wavefronts of the 
reflected wave are illustrated with dashed lines. The wave of the high- 
frequency current proceeds from the point La where the oscillator 65 is 
connected, in the extending direction of the diagonal line L, and is reflected 

10 at the other end Lb of the diagonal line L to propagate in the direction 

opposite to the progressing wave. Therefore, the point Lb is an open end, 
whereby the electric field intensity attains the maximum value at the point 
Lb, and the electric field intensity attains the minimum value at the point 
A on the diagonal line L at a point of XI A from the point Lb. Further, in 

15 the aforesaid region S having a size of X/20 x X/10 with its center at the 
point A, the coupling between the antennae 41 and 1 will be weaker by 
about 10 decibel than at the other end Lb of the diagonal line L. 

Fig. 4 is a diagram illustrating a result of calculation of the electric 
field intensity distribution in and around the metal layer 60a. From this 

20 distribution diagram also, it has been found out that the electric field 

intensity is at the minimum level at the point A, namely, that the coupling 
between the antennae 41 and 1 can be made to be the weakest by disposing 
the antenna 1 at the point A, whereby the decrease in sensitivity caused by 
interference between the antennae 41, 1 can be prevented. Here, since the 

25 electric field intensity is at the maximum level at points B, C, D, E near the 
four corners of the metal layer 60a, the coupling between the antennae 41 
and 1 will be strong if the antenna 1 is disposed at the four corners of the 
metal layer 60a, whereby the decrease in sensitivity caused by interference 
between the antennae 41, 1 will be large. 

30 As described above, in the first embodiment, the decrease in 

sensitivity caused by interference between the antennae 41,1 can be 
restrained to a small value because the antenna 1 is disposed in the region 
S where the coupling between the antennae 41, 1 is the weakest on the 
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surface of the substrate 60. 

Here, in the first embodiment, although the antenna 1 having a size 
of X/20 x X/20 is disposed in the region S having a size of X/20 x X/10, an 
antenna smaller than the antenna 1 may be disposed in the region S, or an 
antenna a little larger than the antenna 1 may be disposed in such a 
manner as to cover the region S. 

Further, although the antenna 1 is disposed so that the long side of 
the antenna 1 is parallel to the diagonal line L, the antenna 1 may be 
disposed so that the long side of the antenna 1 is parallel to the long side of 
the metal layer 60a. In this case, the efficiency of mounting the antenna 1 
onto the substrate 60 will be higher, although the coupling between the 
antennae 41,1 will be a little stronger 

[Second Embodiment] 

Figs. 5 and 6 are circuit block diagrams illustrating the matching 
circuits 10, 20 of a portable telephone according to the second embodiment 
of the present invention, and are views that are compared with Figs. 9 and 
10. 

Referring to Fig. 5, this matching circuit 10 aims at providing a 
highly efficient input/output of the signals Rx, Tx by providing a matching 
between the antenna 41 and the high-frequency part 45 for telephone, and 
prevents the decrease in the receiving sensitivity of the portable telephone 
by attenuating the signal TRx for wireless external interface that is 
received by the antenna 41. For this reason, the matching circuit 10 has 
resonance characteristics that attenuate the signal TRx for wireless 
external interface. 

Specifically, the matching circuit 10 includes coils 11 to 13 and 
capacitors 14 to 16. The coil 11 and the capacitor 14 are connected in 
parallel between the base end 41a of the antenna 41 and the input/output 
node 45a of the high-frequency part 45 for telephone. The capacitor 15 
and the coil 12 are connected in series between the base end 41a and the 
line of ground voltage GND. The capacitor 16 and the coil 13 are 
connected in series between the input/output node 45a and the line of 
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ground voltage GND. The above-described matching and resonance 
characteristics can be obtained by setting each of the inductances of the 
coils 11 to 13 and each of the capacitances of the capacitors 14 to 16 to be 
suitable values. 

Further, referring to Fig. 6, this matching circuit 20 aims at 
providing a highly efficient input/output of the signal TRx by providing a 
matching between the antenna 1 and the high-frequency part 46 for 
wireless external interface, and prevents the decrease in the receiving 
sensitivity of the wireless external interface device by attenuating the 
transmittance signal Tx for telephone that is received by the antenna 1. 
For this reason, the matching circuit 20 has resonance characteristics that 
attenuate the signal Tx for telephone. 

Specifically, the matching circuit 20 includes coils 21 to 23 and 
capacitors 24 to 26. The coil 21 and the capacitor 24 are connected in 
parallel between the base end la of the antenna 1 and the input/output 
node 46a of the high-frequency part 46 for wireless external interface. The 
capacitor 25 and the coil 22 are connected in series between the base end 
42a and the line of ground voltage GND. The capacitor 26 and the coil 23 
are connected in series between the input/output node 46a and the line of 
ground voltage GND. The above-described matching and resonance 
characteristics can be obtained by setting each of the inductances of the 
coils 21 to 23 and each of the capacitances of the capacitors 24 to 26 to be 
suitable values. 

The other construction and operation are the same as in the first 
embodiment, so that its description will not be repeated. 

In this second embodiment, the matching circuit 10 between the 
antenna 41 for telephone and the high-frequency part 45 for telephone is 
allowed to have resonance characteristics that attenuate the signal TRx for 
wireless external interface that is received by the antenna 41, and the 
matching circuit 20 between the antenna 42 for wireless external interface 
and the high-frequency part 46 for wireless external interface is allowed to 
have resonance characteristics that attenuate the transmittance signal Tx 
for telephone that is received by the antenna 42, so that the decrease in 
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sensitivity caused by interference between the antennae 41, 1 can be 
restrained to a small value. 
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CLAIMS 



1 . A p ortable telephone cap able of p erforming wireless 
communication with a wireless external interface device (34), the portable 

5 telephone comprising: 

a laminate substrate (60) having at least a rectangular ground metal 
layer (60 a); 

a first antenna (41) disposed at one corner (La) of said laminate 
substrate (60); 

10 a second antenna (1) formed on a surface of said laminate substrate 

(60); 

a first transmitting/receiving circuit (45, 47) formed on a surface of 

said laminate substrate (60) for performing transmittance/receipt of signals 

(Tx, Rx) for telephone via said first antenna (41); and 
15 a second transmitting/receiving circuit (46, 48) formed on a surface of 

said laminate substrate (60) for performing transmittance/receipt of a 

signal (TRx) for wireless external interface via said second antenna (1), 
wherein said second antenna (1) is disposed, on a diagonal line (L) 

connecting between the one corner (La) of said laminate substrate (60) 
20 where said first antenna (41) is disposed and a corner (Lb) opposing thereto, 

at a position of 1/4 of a wavelength of the transmittance signal (Tx) for 

telephone from said opposing corner (Lb). 

2. The portable telephone according to claim 1, wherein said second 
25 antenna (1) is disposed in a rectangular region whose center is located at a 

point (A) of 1/4 of the wavelength of said transmittance signal (Tx) for 
telephone from said opposing corner (Lb), whose short side has a length of 
about 1/20 of the wavelength of said transmittance signal (Tx) for telephone, 
and whose long side has a length of about 1/10 of the wavelength of said 
30 transmittance signal (Tx) for telephone, said long side being parallel to said 
diagonal line (L). 

3. The portable telephone according to claim 1, wherein said second 
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antenna (1) is a cltip antenna constructed with a helical or meandering 
antenna conductor formed in a dielectric substance. 

4. The portable telephone according to claim 1, further comprising a 
5 resonance circuit (10) disposed between said first antenna (1) and said first 

transmitting/receiving circuit (45, 47) for attenuating the signal (TRx) for 
wireless external interface that is received by said first antenna (1). 

5. The portable telephone according to claim 1, further comprising a 
10 resonance circuit (20) disposed between said second antenna (1) and said 

second transmitting/receiving circuit (46, 48) for attenuating the 
transmittance signal (Tx) for telephone that is received by said second 
antenna (1). 
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ABSTRACT 



A portable telephone according to the present invention is a portable 
telephone capable of performing wireless communication with a wireless 
5 external interface device (34) and includes a laminate substrate (60) having 
at least a rectangular ground metal layer (60a), an antenna (41) for 
telephone that is disposed at one end (La) of a diagonal line (L) of the metal 
layer (60a), and an antenna (1) for wireless external interface that is 
disposed at a position (A) of 1/4 of the wavelength QC) of a transmittance 
10 signal (Tx) for telephone from the other end (La) of the diagonal line (L). 
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Declaration and Power of Attorney For Patent Application 

Japanese Language Declaration 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as stated 
below next to my name, 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled 



PORTABLE TELEPHONE 



BlZffiJEltz, 



the specification of whjch 

(check one) 

[x| is attached hereto. 

rjl was filed on n P rsmhsr 28. 1 999 as 

Application Serial No. PCT/ JP99 /07404 

and was amended on . 

(if applicable) 



fill . b1jI3<0 t -te *; Hi IE b *riJS*OtS[S £ # tmiZWM 



I hereby stale that I have reviewed and understand the con- 
tents of the above identified specification, including the claims, 
as amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is ma- 
terial to Ihe examinalion of this application in accordance with 
Title 37. Code of Federal Regulations. §1.56(a). 
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Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 



Japanese Language Declaration 
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I hereby claim foreign priority benefits under Title 35. United 
States Code, §1 19 of any foreign application (s) for patent or 
inventor's certificate listed below and have also identified 
below any foreign application for patent or inventor's certifi- 
cate having a filing date before that of the application on 
which priority is claimed: 



Prior foreign applications 



(Number) 
(« 


(Country) 

m «) 


(Day/Month/Year Filed) 
(ifcJiO^EB) 


(Number) 
(# J§) 


(Country) 
(H *) 


(Day/Month/Year Filed) 
{&m<F>%E B) 


(Number) 


(Country) 
([9 *) 


(Oay/Month/Year Filed) 
B) 



Priority claimed 
£lo 



u 

a 



" ratca^^n/i:a««K>iaiitB37g8Si*S56* (a) m 
■ tz e«o ?if s row $b s ra* r ^* # jsa € « r « ii t « is » 



I hereby.claim the benefit under Title 35, United States Code, 
§120 of any Untied States application(s) listed below and, 
insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States appli- 
cation in the manner provided by the first paragraph of Title 
35, United States Code. §112, I acknowledge the duty to 
disclose material information as defined in Title 37, Code of 
Federal Regulations, §1. 56(a) which occurred between the 
filing date of the prior application and the national or PCT 
international filing date of this application: 



(Application Serial No.) 



(Filing Date) 
(tBSIB) 



(Status) 
(patented, pending, 
abandoned) 



(Application Serial No.) 



(Filing Date) 
(£81 B) 



(Status) 
(patented, pending, 
abandoned) 



XMMX'&> *) - § BWtt 3 If $Rfc «fc t/flT* * t Z 5 

r&« e tTo ferns. isgBin 1001*1= «t »j , 



I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on infor- 
mation and belief are believed to be true; and further that 
these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent 
issued thereon. 
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Patent and Trademark Offlce-U.S. DEPARTMENT OF COMMERCE 



Japanese Language Declaration 



POWER OF ATTORNEY: As a named inventor. I hereby 
appoint the following attorney(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith, {list name and reg- 
istration number) 



G. Franklin Rothwell, Reg. No. 18_,J-2^ 
E. Anthony Figg, Reg. No. 23, 1 
Barbara G. Ernst, Reg. No. 30. 377 
George R. Repper, Reg. No. _3 1, 414 
Bart G. Newland, Reg. No. 31,282 
Vincent M. DeLuca, Reg. NoT~32308. 
Celine Jimenez Crowson, Reg. No. 40, 35 7 
Joseph A. Hynds, Reg. No._j4^£2J7_ 



Mark I . Bowditch, Reg, 
Robert J. Jondle, Reg 
Kenneth M. Fagin, Reg 
Don M. Kerr, Reg. No. 
Jeffrey L. Ihnen, Reg 
Stephen A. Saxe, Reg. No._ 38,feUl 
Glenn E. Karta, Reg. No. 30, 64 9 
Martha Cassidy, Reg. No. 44,06j 



No. 40,315 
No. 33,915 

No. jnnii 

22,720 
No. 28, 957 



Rothwell 
_Manbec k 

Suite 701. East '. 

5^5_J ; 2th__Street_ 1 _ 
"l^shing ton, ~D.c7 



Figg. Rrnsf & 



Send Correspondence to: 



TJ7S.A. 



20004 



Direct Telephone Calls to: (name and telephone number) 





Full name ol sole or lirst inventor 

Kenii ITOH 


1®»flfl#OS* Btt 


Invento/s signature J s? Date 

/^-^ <2*>ot 


KM 


Residence'' ' 1 /) X 

Hyogo, Japan J P y~ 


®n 


Citizenship 
Japanese 




Post Office Address 
c/o Mitsubishi Denki Kabushiki Kaisha, 




2-3, Marunouchi 2-chone, 
Chiyoda-ku, TOKYO 100-8310 JAPAN 




Full name of second joint inventor, it any 
Takatoshi KATSUPA 




Second Inventor's signature Dale 

M fp d / kefs n n\ t "X,, *, 2T £oo) 


\±pR 


Residence n 
Hyogo, Japan U r VS 


mn 


Citizenship 

Japanese 




Post Otfice Address 
c/o Mitsubishi Denki Kabushiki Kaisha, 




2-3, Marunouchi 2-chome, 
Chiyoda-ku, TOKYO 100-8310 JAPAN 



(SAS fcti* ftUi&CD&lsl&BfllftC&bT tfeJiMfrtS (Supply similar information and signature for third and sub- 

SB ts £Tjm%£ JSfftT * :t,) . sequent joint inventors.) 
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Full name of third joint inventor, if any 

Yasuhito IMANISHI 




TRlrSlnventof'sligrnatDrre - / - . Date 

[ J /f* [/_, S /a / * * J? V fi. 4 1 1* / .r 7 ^ /• / 




Residence , 3 
Hyogo, Japan "» r 


mm 


Citizenship 

Japanese 




Post Office Address 
c/o Mitsubishi Denki Kabushiki Kaisha. 




2-3, Marunouchi 2-chcme, 
Chiyoda-ku, TOKYO 100-8310 JAPAN 






Full name of fourth joint inventor, if any 

Hideaki SHOJI 




Fourth Inventor's signature _ a Date 




Residence A, f / 
Hyogo, Japan ^Jr^ 


mn 


Citizenship 

Japanese 




Post Office Address 

c/o Mitsubishi Denki Kabushiki Kaisha. 




2-3, Marunouchi 2-chome, 
Chiyoda-ku, TOKYO 100-8310 JAPAN 






Full name of fifth joint inventor, if any 


rams*RBsw#«)S* Bit 


Fifth Inventor's signature Date 




Residence 


S8 


Citizenship 




Post Office Address 







m 6 o*Hfgw#(DK«(asr*a^) 


Full name of sixth joint inventor, if any 




Sixth Inventor's signature Date 




Residence 


sat 


Citizenship 




Post Office Address 






{m 7 * fc tt n ra§sw# cat ^ t t>ra«* 


(Supply similar information and signature for seventh and 
subsequent joint inventors.) 
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